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@) Processor card for centrifuge. 



^7) A sample processor card for use with a centrifuge in 
which the direction of centrifugal force can be altered at will, 
wherein the card includes a supply of chemical reagent and 
inlet means for supplying a chemical sample to the card. The 
sample is advanced under centrifugal force through capillar/ 
means to sample measuring means, and the measured 
sample is then mixed with reagent to permit a chemical test 
to be carried out on the reagent, all under centrifugal force. 
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PROCESSOR CARD FOR CENTRIFUGE 
10 ^ . / 

This invention relates to a method and apparatus 
for chemical testing , and more particularly to apparatus for 
carrying out chemical testing and a method for using same. 

15 In copending application Serial No* (D 15884), 

filed concurrently herewith/ the disclosure of which is 
incorporated herein by reference , there is described 
apparatus for carrying out chemical testing in which 
samples and/or reagents are manipulated by means of 

20 centrifugal force. The reagents and samples are placed in 
a sample processor device which is th$n placed in a 
centrifuge and subjected to high centrifugal forces. 
Manipulation of the reagents and samples in the sample 
processing device is achieved by rotating the device 

25 relative to the centrifuge itself so that the direction of 
centrifugal force acting on the device is changed. 

The present invention relates to the sample 
processor device and the method by which it is used* 
It is an object of the present invention to 

3 0 provide a sample processing card for use in a centrifuge 
of the type described for carrying out chemical testing. 

It is a more specific object of the invention to 
provide a sample processing device in which chemical 
testing of a sample can be carried out under the effect of 

35 centrifugal force. 
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It is a further object f the invention to provide 
a sample processing device and b th d for its use wherein 
the devic can be provided with a stored reagent therein, ' 
ready for use in response to application of centrifugal 
5 force to the device, in vhich a chemical test can be 
carried oat supplying a sample thereto and then applying 
centrifugal forces acting in two or aore directions thereto 
to effect transfer of liquids from one chamber therein to 
another . 

10 These and other objects and advantages of the 

invention will appear more fully hereinafter, and, for 
purposes of illustration, but not of limitation, 
Mibodiaents of the invention are shown in the accompai^ing 
drawings wherein: 

15 FIG, 1 is a top view of a schematic diagram of 

centrifuge apparatus employed in the practice of the 
invention; 

PIG. 2 is a side elevational view partieaiy broken 
away of the apparatus shown in PIG- 1; 
20 PIG. 3 is a plan view of a preferred form of the 

sample processor card of the invention; 

PIG- 4 is a sectional view taken along the line 4-4 
in FIG. 3; 

PIG. 5 is a sectional view like that of pig. 4, 
25 after the application of centrifugal force therto; 

PIG. 6 is an exploded view of the reagent container 
of the invention. 

The concepts of the present invention reside in a 
sample procesor card emd method for its use wherein the 
30 sample processor card is formed of a substantizaiy closed 
chamber which includes a supply of reagent therein. The 
card includes inlet means for supplying a sanqple to the 
card, capillary means communicating with the inlet means to 
receive a sample supplied to the card and overflow means 
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conrmunl eating with the capillary means to receive excess 
sample which is advanced from the inlet means through the 
capillary means under the influence of centrifugal force 
applied to the card in a first direction. The card also 

5 includes holding chajnber means adapted to receive reagent 
from the reagent supply and sample from the capillary means 
in response to centrifugal force acting on the card in a 
second direction r and cuvette means communicating with the 

' holding chamber means which is adapted to permit the 
10 measurement of the chemical reaction between the reagent 
and the sample. Thusr in the use of the sample processor 
card of the inventicnr flow of the reagent and the sample 
within the card is achieved solely by centrifugal force 
acting in two or more directions on the card as the card is 

15 subjected to high centrifugal forces in a centrifuge. 

The sample processor card of the present invention 
can be used in any of a wide variety of analytical chemical 
techniques r including testing to determine blood 
chemistries, immunological testing for analyzing fluids and 

20 particularly body fluids as well as a number of other 
liquid analytical chemical techniques. The card of the 
present invention finds particular application in testing 
to determine blood chemistries in which the sample supplied 
to the card is a whole blood sample. 

25 In accordance with that preferred embodiment of the 

Invention, the card of the present invention also includes 
a sample separating chamber which communicates with the 
capillary means to separate the solid constituents of blood 
from the liquid constituents. Thus the sample separating 

30 chamber is positioned to receive sample from the capillary 
means which is caused to flow into the ssunple separating 
chamber under the influence of centrifugal force and 
therein caused to be separated by the centrifugal force. 
By providing the card with a sample separating chamber, it 

35 
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Is possible to supply t th card a saiople of whole blood 
which has not be^n previously span, down to separate U^guid 
constituents froBi the solid constituents. That enables an 
operator to avoid a separate manipulative step of 
5 separating the whole blood before subjecting the sample of 
whole blood to chemtcal cmsd^ysis. 

Because aost blood chemistry tes'ts require the use 
of precisely measured samples, in the preferred practice of 
the inven^our the sample processor card also includes a 

10 sample measuring chamber communicating with the capillary 
means or the sasiple separating chamber which is adapated to 
receive a measured quantity of sample in response to 
centrifugal force applied to the card. The sample 
measuring chamber is positioned adjacent to a sample 

15 overflow chamber which receives sample in excess of that 
filling the sample measuring chamber # the excess sample 
being retained in the sample overflow chamber as the 
direction of the centrifugal force is changed to cause the 
measured sample to ba displaced from the sample measuring 

20 chamber to the B^tsple holding chamber where it is mixed 
with the reagent in carrying out the chemical test under 
the effect of centrifugal force. 

In another preferred embodiment of the inventiour 
the sample processor card is provided with a supply of 

25 reagent in the form of means for dispensing reagent in 
response to centrifugal force applied to the card. By 
providing the card with a built-in supply of reagent, the 
card can be used by supplying a sample thereto and then 
subjecting the card to the effect of centrifugal force to 

30 release the reagent for admixing with the sample to carry 
out the chemical testing operation. In the most preferred 
. embodiment, the means for dispensing the reagent includes a 
reagent chamber which is adapted to contain the reagent emd 
strippable sealing means closing the reagent chamber 

35 
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whereby the s aling means is stripped from the reagent 
chamber in response to the application of centrifugal ^orce - 
to the card to release the reagent. 

It is sometimes desirable that the reagent , by 
S reason of its stability characteristics, be packaged 
separately from a reagent diluent* In that preferred 
embodiment of the invention, the application of centrifugal 
force to the card can serve to release both reagent and 
diluent either simultaneously or sequentially. 
10 Referring now to the drawings for a more detailed 

description of the drawings, there is shown in PIGS. 1-4 a 
schematic illustration of apparatus embodying the concepts 
of the present invention. The centrifuge includes a plate 
member 10 which is mounted on an axis 12 for rotation about 
15 the axis. The plate member 10 is preferably driven by 
suitable drive means 14 which may be, for example, an 
electric motor capable of operating at high speeds. While 
plate member 10 is shown in FIG. 1 as a circular plate, it 
will be understood that its configuration as shown is not 
20 critical to the practice of the invention. For example, it- 
is equally possible to use a centrifugal arm mounted for 
rotation about an axis. 

Mounted on plate member 10 is at least one sample 
processor card holder 16 adapted to receive a sample 
25 processor card described more fully hereinafter. As is 

shown in FIGS. 1 and 2, the card holder 16 is in the nature 
of a tray and is rotatably mounted relative to the plate 
member 10 on an axis 18 operatively connected to means 20 
to rotate the holder 16. 
30 While the axis of rotation of the plate member 10 is 

illustrated in FIG. 2 as motinted on a vertical axis, it 
will be understood by those skilled in the art that the 
direction of the axis is not critical to the practice of 
the invention, and the axis, while preferably vertical, can 
35 also be horizontal or inclined in any direction since the 
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ffects of gra\rlt7 on the sample pr cessor card rotating 
vith tb plate aesKber 10 ie negligible. ^ 

In the preferred practice of the invention, the 
bolder 16 can be rotated or indexed relative to the plate 
5 sember 10 by any suitable drive aeans 20. In the preferred 
esBbodiaent of fche present invention, the holder 16 can be 
rotated or indexed 90^ by the drive aeans 20* As vill be 
appreciated by those skilled in the art, the holder 16 can 
be rotatable by an aaount greater than 90^ up to and 

10 including rotatable about a full 360^. The important 

feature is that the holder 16 adapted to receive the sample 
processor card be rotatable relative to the plate member 10 
so that the direction of the centrifugal force acting on 
the saaple processor card can be altered to effect the 

15 necessary fluid transport functions during the chemical 
testing operation. 

Referring to FIGS. 3 to 5 for a description of the 
preferred sample processor card of the invention, there is 
shown a preferred sample processor card formed of a molded 

20 plastic article formed of outer vails 22 and 22' which^ along 
with face plate 24 and bottom plate 26 define a unitary 
chamber. Within the chamber are a plurality of partitions 
defining the flow paths of the liquids during the chemical 
testing operation. 

25 Sample can be introduced to the sample processor card 

by any of a variety of techniques* In accordance with one 
embodiaent of the invention, the face plate 24 includes an 
opening 28 therein Into which a blood sample, for example, 
aay be deposited for analysis* Alternatively, there can be 

30 provided an opening 53 into which a capillary is placed to 
introduce a blood sample into a capillary slot 34 defined by 
two Interior walls 30 and 32* In either case, blood 
introduced through -the opening 28 or the opening 53 is moved 
through the capillary slot 34 by means of centrifugal force 

35 acting in the direction Fq shown in FIG. 3. 
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As will be appreciated by those skilled In the art, 
the techniques involving the use of sample processor card 27 
are applicable to any liquid to be subjected to chemical 
testing. In addition to whole bloodf use can also be made of 
5 pre-spun blood fractions or other body fluids to be analyzed. 
Of course # the concepts of the present invention are equally 
applicable to other liquids which do not originate in the 
body on which chemical testing is conducted* For ease of 
description/ however r the following describes the use of the 
10 sample card 27 using whole blood as the starting sample. 

In the preferred practice of the invention, the sample 
processor card also includes a reagent chamber 86 and a 
diluent chamber 38 which operate, in response to centrifugal 
force acting in the direction Fq as shown in FIG. 3, to 
15 release reagent and diluent. The essential feature of such a 
container is that it releases the diluent and reagent in 
response to centrifugal force acting upon the card 27. 

A preferred means for releasing the reagent is shown 
in FIGS. 5 and 6. The reagent chamber 86 is a substantially 
20 closed container open at its lower portion 31. Closing that 
lower portion 31 is a removable strip 33 formed of a portion 
35 adhered to the side walls 37 of chamber 86 and a portion 
39 underlaying the portion 35 and fixed to the card 27 such 
as by means of a pin or pins 41. 
25 As the card is subjected to centrifugal force in the 

direction Fp, the chamber 86 is displaced to the right as 
shown in FIGS. 4 to 6, thereby peeling the removable strip 
35 from the side walls 37 of the chamber 86 and releasing 
reagent through the opening 43 thus formed between the strip 
30 35 and side wauLls 37. 

In many chemical tests, it is preferred to package the 
reagent and a diluent therefor in separate chambers 86 and 88 
as shown in FIG. 3. In the embodiment thus described, the 
strip 33 serves to seal the lower portions of both the 
35 reagent chamber 86 and the diluent chamber 88. The reagent 
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other, are displaced together in response to the application 
of centrifugal f rc t the card 27 and both reagent and 
diluent are thus released« Since the reagent chamber 86 is 
5 positioned slightly forward, in the direction Pq of the 

centrifugal force, of the diluent chasber 88, the reagent is 
released prior to release of diluent. 

ThUB, in the use of the sample processor card of this 
invention^ a blood sasiple is added to the card as described 
10 above, and then the card is positioned in the holder 16 in 
the centrifuge 9 insnring that the pin 21 for alignment of the 
sasple processor card with the holder 16 passes through the 
corresponding key opening 15 extending through the sample 
card 27. 

15 The card and the holder are positioned initially so 

that the blood well and reagent container are closest to the 
center of rotation of the plate member 10 to insure that the 
centrifugal force exerted on the sample processor card 27 
during the initial rotation of plate member 10 is exerted 

20 in the direction Fq as shown in PIG. 3 of the drawing. 

Thus, after the sample of blood is placed in the blood well 
and the plate member 10 rotated at high speed to develop 
centrifugal force, that centrifugal force serves to (a) 
release the diluent and reagent from their respective chamber 

25 88 and 86, and, at the same, (b) move the blood sample 

inserted into the blood well 28 down the capillary slot 34 
under the effect of the centrifugal force. 

Downstream of the capillary slot 3 4 is a blood holding 
chamber 36 which is filled with the blood sample deposited 

30 into the card. Thus, the blood holding chamber 36 operates 
as a gross measure, selecting a predetermined quantify of ■ 
blood sufficient to fill the chamber 50 as described 
hereinafter. Any blood in excess of the quantity filling 
chamber 36 passes through an opening 38 defined by a wall of 

35 the measuring chamber 36. Thus, the excess blood passes 
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through an excess blood slot 40 to overflow cbajober 42 
located downstrefun of the excess blood slot 40* The £j:esence 
of blood In the overflow chamber 42 can thus be us d to 
confirm to the user that the blood sample deposited in the 
5 blood well was of a volume sufficient to completely fill the 
separating chamber 50. 

In the preferred practice of the inventionr it is 
frequently desirable to provide the apparatus with optical 
means positioned to detect the presence of blood in the 

10 overflow chamber 42 to thereby confirm that the sample 

provided was of a sufficient volume. For that purpose / the 
apparatus may include a source of light 44 and a detector 46 r 
one or the other being positioned above the rotating plate 10 
£uid the latter being position beneath the holder 16 in 

15 alignment with the opening 25 to detect the presence of blood 
in the overflow chamber 42. 

In the preferred embodiment of the invention^ the 
excess blood opening 38 is larger than the exit capillary 48 
of the holding chamber 36 to insure that excess blood is 

20 rapidly discharged through the excess blood opening 38 and 
into the overflow chamber 42 • Any quantity of blood in 
excess to the capacity of the overflow chamber 42 can thus 
spill over into an auxiliary blood overflow chamber 57. 

As centrifugal force continues to act on the blood in 

25 the holding chamber 36, it is discharged into a blood 
separating chamber 50 in which blood is subjected to 
centrifugal force to separate the solid particulate matter 
from the fluid phase, any excess spilling over blood 
separating chamber 50 to the blood overflow chamber 42. As 

30 will be appreciated by those skilled in the art, the blood 
thus introduced to the separating chamber 50 is in effect 
spun down by the centrifugal force acting in the direction 
Pq in PIG. 3 to separate the solid matter from the liquid, 
the solid matter being more dense than the liquid to thereby 

35 form a layer of solid matter at the lower portion of the 
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blood separating chaaib r 50. ^ 

hs will be appreciated by those skilled ia the art, 
the release of the diluent and reagent from their respective 
chambers 88 and 86 can occur si»ultaneously with the movement 
5 by centrifugal force of the blood sample down the capillary 
slot 34. Alternatively, it is possible, and sometimes 
desirable, to provide a multi-speed operation, a lower speed 
below a threshold level at which the diluent and reagent are 
released but one at which the blood ia still displaced 
10 downwardly through the capillary slot. That technique 

permits the blood to be separated in the blood separating SO 
before the diluent and reagent are released from their 
respective chambers 88 and 86. «jus, after the blood has 
been separated in the blood separating chamber 50, the speed 
15 of the centrifuge can be increased to effect release of the 
diluent and reagent. 

In either case, the particular configuration of the 
diluent and reagent chambers 88 and 86 permit the reagent to 
be released before the diluent. The reagent thus passes into 
20 the chamber 51, through the restricted opening 52 and into 
the reagent measuring chamber 54. Sie diluent, released 
after the initial release of the reagent, likewise passes 
into the chaaber 51 and into the reagent measuring chamber 
54, with any excess spilling over the baffle 56 into the 
25 reagent overflow chamber 58. 

AS will again be appreciated by those skilled in the 
art, alternatives with respect to the use of the reagent can 
be employed. For example, a solid reagent can be employed 
and positioned as a pellet in reagent measuring chajuber 54 
30 which is activated on release of the diluent as the diluent 
flows into the reagent measuring chamber 54. Other physical 
forms of reagent may likewise be used, such as a reagent gel, 
which would likewise be positioned in the reagent measuring 
chamber 54. 

35 
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Zll °l , chafer J4 

TnL v. ''^""^'^'^ 1. „lea3,d and passed 

into the reagent Meas.cin, chamber 54 as described above 

of the card, notably the nixing chamber 60 and/or the cuvette 
chaai>er 62. both of which are described more fully 

hereinafter. 

in K " important concept of the n,ost preferred 

10 pediment of the invention that the reagent Measuring 

chamber 54 aeaaures a precise, predetermined amount of 

reagent and diluent. 

Once the reagent (mized with diluent) has been 
measured in the reagent measuring chamber 54 and the blood 
IIZIT J'' '"^^ separating chamber 50, the card is 

rotated 90 so that the centrifugal force is now acting in 
the direction as shown in FIG. 3. After rotation of the 
card, the centrifugal force thus displaces the measured 
quantity of reagent (mized with diluent) from the reagent 

20 measuring chamber 54 to a mining chamber 60. At the same 

time, the liquid constituent of the blood sample or a portion 
thereof is transferred to a sample holding chamber 61 
downstream of the separating chamber 50. (Downstream as used 
in that sense is downstream in the direction of the 

25 centrifugal force when it is acting in the direction F, as 
shown in PIG. 3.) 1 

The sample card is then again rotated back to the 
original position where the centrifugal force is acting in 

30 centrL"''^°; ^° " ^^^^ Position, the 

30 centrifugal force causes the sample in the sample holding 

chamber 61 to be conveyed to the sample measuring chamber 63, 
with any excess sample overflowing sample measuring chamber 
63 to a sample overflow chamber 65. 

Simultaneously, on rotation of the card to the 
35 position where the centrifugal force is acting in the 
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direction Fq as sfaotrn in PIG- 3, the reagent (mixed with 
diluent) in th sslxing chamber 60 is displaced in a • 
downstream direction. Positioned in the mixing chamber 60 
ace a series of baffles 67, 69 r 71 and 73 whichr along with 
5 the lateral wall 83 of the mixing chamber 60^ define a 

series of restricted openings 75 r 77, 79 and 81. The purpos 
of those restricted openings is to generate turbulence in th 
reagent (mixed with diluent) as it flows from the upper 
portion of the mixing chamber 60 toward the cuvette chamber 
10 62 r more fully described hereinafter. As the reagent (mixed 
with diluent) passes through those series of openings, the 
resulting turbulence insures that complete mixing of the 
diluent with the reagent will be achieved. 

Thus the reagent is moved under the effect of the 
15 centrifugal force through the restricted openings 75 r 77, 79 
and 81 into the cuvettte chamber 62. Since the reagent r at 
this stage of the operation, is unmixed with the sample, the 
saisqple r&oaining in the sample measuring chamber 63 r the 
operator is permitted to take an optical reading of the 
20 reagent itself prior to the time that it is mixed with the 
. sample. 

For the purpose of determining the optical 
characteristics of the reagent mixed with the diluent before 
contact with the sample, use can be made of a light source 64 

25 and a light detector 64*, one being positioned above the card 
holder 16 and the other beneath it, again with an opening in 
the card holder 16 to permit the transmission of light from 
the source 64 to the detector 64" through the cuvette chamber 
62. That is sometimes a desirable operation, particularly 

30 when the measurements being taken on the sample are to be 
optical characteristics such as eibsorbance. The reading 
taken on the reagent before contact with the diluent enables 
one to correct the final readings for any absorbance 
contributed by the raw reagent. That technique can also be 

35 used to enable the operator to determine that the reagent was 
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of high quality, and had not been degraded through the 
passag of time or by contact with an adverse environment. 

After the operat r baa had an opportunity to monitor 
the characteristics of the reagent in the cuvette chamber 62, 
5 the sample processor card is again rotated 90^ so that the 
centrifugal force is again acting in the direction as 
shown in FIG. 3 of the drawing. The centrifugal force thus 
causes the sample, in the sample measuring chamber 63, to 
pass through a chamber 85 and into the mixing chamber 60 

10 where the sample, along with the reagent from the cuvette 
chamber 62, pass together through the series of restricted 
openings 81, 79, 77 and 75 into the upper portion of the 
mixing chamber 60 to effect mixing of the sample with the 
reagent. Because of the configuration of the baffle 

15 separating the sample measuring chamber 63 from the sample 
overflow chamber 65, any sajnple in the overflow chamber 65 is 
retained therein. 

After the sample and reagent reach the upper portion 
of the mixing chamber 60, the card is again rotated 90^ so 

20 that the centrifugal force is once again acting in the 

direction F^. That rotation of the card causes the sample 
and reagent in the upper portion of the mixing chamber 60 to 
again pass through the restricted openings 75, 77, 79 and 81. 
In other words, mixing of the seonple with the reagent occurs 

25 by means of two passes through the restricted openings 75 to 
81 as described. The mixture of the sample and reagent is 
thus displaced under the centrifugal force acting in the 
direction Fq into the cuvette chamber 62. At this stage in 
the procedure, optical readings of the reaction product of 

30 the sample and reagent can be taken incrementally or the 

final stage by means of the light source 64 and detector 64* 
in the manner described cibove. 

Alternatively, continuous mixing can be achieved by 
again rotating the card so that the reagent and sample 

35 mixture is again displaced through the restricted openings 




- 14 - 

0160282 

while the chemical reaction between the two is ongoing 
during the incubation period of the reaction. . 

It is an iB^crtant concept of the present invention 
that the centrifugal force operating on the fluids in the 
5 sasple processor card be at a relatively high level so that 
the centrifugal force greatly overwhelms the fluid surface 
tension. That insures that the meniscus of the fluids 
defines a section of a substantially circular cylinder 
about the center of the centrifuge plate* When the saaipl 

10 processor card is rotated, the fluids pour from one chamber 
to another in the same way as if the chamber size and fluid 
quantities were much larger* If the rotation were such 
that substantially lower centrifugal forces were created, 
the fluids would tend to pour in large droplets and give 

15 quite variable results- It has accordingly been found that 
best results are usually achieved when the plate member is 
rotated at speeds sufficient to create centrifugal forces 
of at least 500 g*s. 

It will be understood that various changes and 

20 modifications can be made in the details of construction, 
procedure and use without departing from the spirit of the 
invention, especially as defined in the following claims. 



25 
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.1. A sample processor card for carrying out ~ 
chemical teats under centrifugal force comprising a 
substantially closed card and a supply of reagent in the 
card, said card including inlet means for supplying a 
sample to the card, capillary means communicating with the 
inlet means to receive sample, overflow means communicating 
with the capillary means to receive excess sample under the 
effect of centrifugal force applied to the card, holding 
chamber means adapted to receive, in response to 
centrifugal force acting on the card, reagent and sample 
from the capillary means, and cuvette means communicating 
with the holding chamber means and adapted to permit 
measurement of the chemical reaction between the reagent 
and the sample. 

2. A card as defined in claim 1 which includes 
sample separating chamber means communicating with the 

-capillary means and adapted to separate, under centrifugal 
force, constituents of the sample. 

3. A card as defined in claim 1 which includes 
sample measuring chamber means communicating with the 
capillary means and adapted to receive a measured quantity 
of sample from the capillary means in response to the 
application of centrifugal force to the card. 

4. A card as defined in claim 3 which includes 
sample overflow chamber means positioned to receive sample 
in excess of that filling the sample measuring chamber 
means and adapted to retain such excess sample. 
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5. A card as defined in claim 1 wherein the supply 
of reagent in the card includes means for dispensing 
reagent in response to centrifugal force applied to the 
card* 

6« A card as defined in claim 5 vherein the means 
for dispensing reagent includes means for dispensing 
reageni: and means for dispensing diluent for the reagent* 

7, A card as defined in claim 5 vherein the means 
for dispensing reagent includes reagent chamber means 
adapt^ed to contain ^e reagent and strippable sealing means 
closing the reageni: chamber means vhereby the sealing means 
is S'tripped from the reagent: chamber means in response to 
the application of centrifugal force applied to the card to 
release reagent from the chamber means. 

8. A card as defined in claim 7 which includes 
diluent chamber means positioned adjacent to the reagent 
chamber means, the sealing means closing the reagent 
chamber means and the diluent chamber means whereby the 
application of centrifugal force releases reagent and 
diluent. 

A card as defined in claim 8 wherein the reagent 
chamber means is positioned forward of the diluent chamber 
means whereby the reagent is released prior to the release 
of diluent in response to the application of centrifugal 
force. 
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10. A card as defined in claim 7 which includes 
means for securing to the card the sealing means wheseby 
the application of centrifugal force to the card displaces 
the reagent chamber means in the direction of the 
centrifugal force to strip the sealing means from the 
reagent chamber means to thereby release the reagent. 
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